The conceptual bases of recent NRC publications of nutrient requirements to meet dietary energy needs of growing Holsteins, emphasizing heifers gaining 0.75 kg/d, are described and compared with several world systems and with body composition data. Requirements of Holsteins for net energy for maintenance are generally thought to be higher (from 7 to 20%) than those of British beef breeds. Total estimates of metabolizable energy requirements are quite similar for most energy systems for cattle at 200 to 400 kg of body weight. For heavier cattle, the energy density estimates based on beef breed equations project higher metabolizable energy for gain and total metabolizable energy requirements. Extrapolations from the chemical composition of growing Holstein heifers indicate that, at the slower growth that is typical of replacements, energy densities are lower than for more rapidly growing heifers and that net energy requirements are consistent with current US standards. ( Key words: energy requirements, body composition, growing Holsteins) Abbreviation key: ADG = average daily gain, eBW = empty BW, MBW = mature BW, ME = metabolizable energy, ME m = ME for maintenance, NE g = net energy for gain, NE m = net energy for maintenance, sBW = shrunk BW.
INTRODUCTION
For provision of dietary needs, a wide range of factors must be considered that affect requirements for maintenance and tissue deposition. Factors include the unique Holstein genotype and, for developing heifers, requirements for slow to moderate rates of growth. Several methods to describe these needs, particularly for Holstein heifers growing at 0.75 kg/d, are compared with NRC ( 1 3 ) recommendations. Tissue deposition requirements are compared with the energy densities determined by chemical composition of growing Holsteins.
Growth Rate of Developing Heifers
The rearing of dairy replacements needs to consider the heifer, the fetus, and the mammary gland. As the metabolizable energy ( ME) intake of heifers increases, the age at onset of puberty decreases. However high energy intakes during the prepubertal period can lower weights of mammary secretory tissue, lower DNA contents (16) , and have negative effects on yields of first and subsequent lactations (11, 15) . Heifers fed to gain ≥1000 g/d had milk yields during at least the three subsequent lactations that were lower than those for heifers gaining 600 g/d (11) . Additionally, in the United Kingdom, conventionally reared cows with an average daily gain ( ADG) of 0.74 kg/d had mammary glands that weighed 39% more and contained 60% more secretory tissue than did glands from animals growing at a rate of 1.1 kg/d ( 7 ) . Based on these findings, our comparisons focus on the requirements of 0.75 kg of ADG. Requirements discussed in this paper do not include needs for pregnancy.
Comparison of Estimates by Energy Requirement Schemes
The most recent NRC publication on requirements for dairy cattle ( 1 3 ) incorporates the prior requirements for beef cattle with two modifications for growing dairy cattle. Maintenance requirements were increased, and the gain equation was changed slightly (Tables 1 and 2 ). Most schemes described maintenance requirements as proportional to W 0.75 , where W = BW; the British Agricultural and Fisheries Research Council ( 1 ) , however, used the exponent of 0.67, which may fit developing cattle best but complicates the fit to mature animals of the species, which likely are best fit by an exponent >0.75. The Australian Agricultural Council Committee on Ruminants ( 3 ) introduced an exponential factor for age adjustment that decreases the ME for maintenance ( ME m ) required as age increases. The requirements for a 10-yr-old cow, for example, decrease by 24% below those for yearlings. For the coefficient f of the expression f × W y , which is used to express ME m requirements, most schemes have increased f when it is applied to Holsteins. The 1990 Australian 2 fW y = Kilocalories of net energy required for maintenance (NE m ) per animal per day, Holstein multiplier = ratio of Holstein to British beef breeds incorporated into f, and ME = metabolizable energy. 3 The NE m equivalent to 120 kcal of ME m set as the base for requirements for maintenance. 4 Ratio of NE m /ME calculated by cubic equation ( ≈ME y ) or by linear equation where q = ME/gross energy. 5 Intake of ME expressed as megacalories per day. 2 eBW = Empty body weight, sBW = shrunk BW, G = daily gain, and L = lipid for INRA system. 3 Percentage of change in energy per kilogram of gain from doubling rate of rate from 0.5 to 1.0 kg/d. 4 Ratio of net energy required for maintenance to metabolizable energy requirement calculated by cubic equation (≈ME y ) or by linear equation where q = ME/gross energy. 5 Scaling to metabolism when deprived of feed, a method of adjusting for effects of plane of nutrition. (14)] is the provision for adjusting maintenance requirements for climatic or environmental circumstance.
Energy schemes also differ in expected ME conversion efficiences. The conversion of net energy for maintenance ( NE m ) to ME is predicted by a cubic equation in the US NRC schemes (13, 14) but by linear equations based on diet metabolizability (defined as q ) in world schemes (1, 2, 3, 9) . The resulting dietary NE m increases with a downward curvilinearity as diet quality increases in the US schemes but with an upward curvilinearity in the other world schemes. The reason for this discrepancy is unknown but could result from the different experimental methods used (i.e., slaughter balance versus respiration calorimetry). More likely, the discrepancy reflects the limited range of diet quality input into the US solution set (10) . The resulting daily ME m requirements of these schemes, expressed as megacalories per day for nonpregnant Holstein heifers (Table 3) , varied by 24 to 31% for heifers at light and heavy BW. Recent schemes of the NRC (13, 14) agree with 1990 ACC ( 3 ) schemes and project the highest requirements. French and British estimates are lower; the 0.67 exponent of the 1993 AFRC system ( 1 ) results in the lowest ME m estimates at heavy BW.
Definition of requirements of replacement Holstein heifers for net energy for gain ( NE g ) reflect the varied approaches to defining changes in body composition as BW, rate of gain, and mature size vary ( Table 2) . Genotype for mature size of Holsteins is described as large-framed by 1989 NRC ( 1 3 ) or as early maturing by European schemes ( 1 ) . The use of BW at a constant fat percentage was introduced by the Australians, who specified that Holstein heifers contain 25% empty body fat at 550 kg of BW. The 1996 NCR ( 1 4 ) suggested that the user estimate shrunk BW ( sBW) at 28% body fat to drive NE g requirements. [The NRC did not specify whether sBW or empty BW ( eBW) was intended; however, referenced supporting data specify sBW at 27.8% fat in the eBW with eBW = 0.891 sBW, and we use these assumptions in this publication.] Replacement heifers are adjusted further to a steer genotype equivalent (approximately 1.24 times the 28% fat weight of heifers), which is suggested to equate to a mature cow BW of the same genotype at a body condition score of 5 (on a nine-point scale, where 1 = thin to 9 = fat) and 20% body fat.
Data on the chemical composition of growing Holstein heifers are sparse. An old data file ( 5 ) suggested 28% empty body fat at 280 kg of sBW; data for serially slaughtered heifers during the early 1970s at Cornell University ( 1 7 ) were extrapolated to 429 or 464 kg of sBW using quadratic and log W methods (Table 4) . Unlike most comparisons of steers and heifers, regressions of fat versus BW of the steers in the Cornell group indicated that they reached 28% fat at BW similar to those of heifers, probably reflecting errors of small sample size rather than an interaction of genotype by sex. The log W extrapolations to 28% eBW fat of Holstein or Fresian steers from chemical composition data range from 413 to 731 kg. The means of the data for the Cornell study indicate that the heifers reach 28% empty body fat at 450 kg of sBW during rapid growth. Application of the 1996 NRC ( 1 4 ) logic to adjust for the slower replacement heifer growth the 450 adjusts to approximately 550 kg of sBW. Neither estimate fits well with the expected BW for mature cows, which might be expected to be approximately 750 kg ( 8 ) .
The effect of BW on NE g is set to be proportional to W 0.75 in US systems and is illustrated by quadratic or TABLE 4 . Extrapolations of chemical body composition data to 27.8% fat in the empty body. 1 Cornell quadratic (quad) and logarithmic (log W) relationships (17) . 2 The shrunk BW at which the animal contains 27.8% fat in the empty body. 3 Metabolizable energy/gross energy. 4 Concentrate. exponential equations in other systems. The 1989 NRC ( 1 3 ) dairy system modified these estimates by adding a linear term to this prediction. With this linear term, the NE g requirements to gain 0.75 kg almost doubled as BW increased from 200 to 600 kg; however, the 1984 NRC ( 1 2 ) and 1996 NRC ( 1 4 ) requirements tripled over this span. Effects of rate of gain on energy density of gain varied dramatically by system. A doubling of rate of BW gain from 0.5 to 1.0 kg/d increased NE g per kilogram of gain by about 1% for 1990 ACC ( 3 ) , by 20% for 1989 INRA ( 9 ) , and by 6 to 8% for the other systems. The regression of NE g per kilogram of eBW gain from the heifer data from Cornell ( 1 7 ) suggests a 71% increase in body energy (megacalories per kilogram = 0.76 + 4.05 ADG; r 2 = 0.65). Caution is needed in this interpretation because low gaining heifers were not taken to MBW, thus possibly confounding the effects of changing BW with ADG. The 1996 NRC system ( 1 4 ) tacitly implies that the energy concentration in BW gains is considerably overestimated for slow gaining heifers. Ostensibly, to offset the overestimation, it is recommended that a 25% heavier MBW (i.e., the steer equivalent) be used to adjust for slower gaining replacement heifers. Even further constrictions are implied in that heifers only reach 20% body fat at mature BW ( MBW) . Waldo et al. ( 1 8 ) also found large increases in fat and, thus, energy requirements of gain as the rate of tissue deposition increased. Total estimated requirements for ME (Table 3 ) were surprisingly similar for most systems, particularly at low to mid BW. The lower values estimated by the French systems reflect somewhat lower NE m A simulation was conducted with the 1996 NRC ( 1 4 ) scheme to project the effects of changing genotype MBW on energy requirements. The 1996 NRC ( 1 4 ) syntheses varied MBW from 490 to 610 to 750 kg of sBW (Table 5) . Unexpectedly little variation, a maximum of 6% difference in ME m plus ME g , was required to provide these MBW with the diet ME to gain 0.75 kg/d. Further examination, however, revealed a 25% reduction in NE g requirements between the largest and lightest genotypes. The model projected greater relative intakes by larger MBW genotypes and lower requirements for dietary energy availabilities. Decreasing diet ME concentration, in turn, decreases the efficiency of ME conversion to NE. Thus, commensurately lower ME to NE efficiencies compensated largely for the lower NE g required by larger MBW genotypes ( Table 5) .
The chemical composition of Holstein heifers fed restricted amounts of energy and gaining from about 440 to 570 g of eBW/d showed lower concentrations of fat and energy than those fed to gain more moderate amounts (4, 6 ) (Table 6 ). Decreased fat accretion from feed restriction of Angus heifers was more pronounced and eliminated effects of breed when both were fed restricted amounts. Low gaining heifers fit 1989 NRC ( 1 3 ) or 1996 NRC ( 1 4 ) (610 MBW) systems reasonably well, and faster gaining Holstein heifers fit the 1984 NRC ( 1 2 ) estimates for largeframe heifers most closely. The low energy densities in the gain of heifers fed restricted amounts of energy are closer to but 10 to 30% greater than INRA ( 9 ) expectations or findings in Germany (Table 2) .
This discussion has not included the effects of pregnancy on competition for nutrients, particularly the high demand for energy and stimulation of gut and other organ growth. The flow of nutrients into these tissues have an impact on the energy content of the maternal tissues.
CONCLUSIONS
The 1989 NRC ( 1 3 ) estimates for energy requirements, which include an increased maintenance need and a moderation of energy in gains at heavier BW relative to beef breeds, appear to fit adequately the needs of developing nonpregnant Holstein heifers gaining at 0.75 kg/d. Requirements for faster rates of gain may be predicted better by projections for increased energy density for gain or by modifying the rate of gain adjustment as in the INRA ( 9 ) system or as described by Waldo et al. (18) .
